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ABSTRACT
We construct supersymmetric completions of various curvature squared terms in five dimensional
supergravity with eight supercharges. Adopting the dilaton Weyl multiplet, we obtain the minimal
off-shell supersymmetric Ricci scalar squared as well as all vector multiplets coupled curvature
squared invariants. Since the minimal off-shell supersymmetric Riemann tensor squared and Gauss-
Bonnet combination in the dilaton Weyl multiplet have been obtained before, both the minimal
off-shell and the vector multiplets coupled curvature squared invariants in the dilaton Weyl multiplet
are complete. We also constructed an off-shell Ricci scalar squared invariant utilizing the standard
Weyl multiplet. The supersymmetric Ricci scalar squared in the standard Weyl multiplet is coupled
to n number of vector multiplets by construction, and it deforms the very special geometry. We
found that in the supersymmetric AdS5 vacuum, the very special geometry defined on the moduli
space is modified in a simple way. Finally, we study the magnetic string and electric black hole
solutions in the presence of supersymmetric Ricci scalar squared.ar
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2
1 Introduction
There has been lots of interest in the study of five-dimensional N = 2 supergravity in past years.
On one hand, the solutions in this theory have rich structures including black holes, black rings
and black strings [1]-[8]. On the other hand, this theory can come from string/M theory via
Calabi-Yau compactifications [9, 10] which provides a platform for a detailed comparison between
the microscopic and macroscopic descriptions of black holes in string theory [11, 12]. A further
compactification of the 5D theory on a circle gives rise to 4D N = 2 supergravity which is important
for the study of string triality [13, 14].
The ordinary classical two-derivative theory does not give a complete description of the physics
in the presence of quantum corrections which can be effectively described by the higher deriva-
tive terms. For instance, the five dimensional N = 2 supergravity has gauge-gravity anomaly
whose supersymmetrization requires the inclusion of curvature squared terms. Thus, the complete
structure of supersymmetric higher derivative terms is important for exploring the full theory at
quantum level. Usually, there exist two viewpoints on the supersymmetrization of higher derivative
terms. One is the on-shell supersymmetrization, and the other is the off-shell supersymmetrization.
Because the off-shell supersymmetrization demands the knowledge of auxiliary fields, currently, it
can only be performed up to six dimensions. In string theory, the supersymmetry is on-shell and
works only order by order in α′. Since the supersymmetry transformation rules depend on α′, the
supersymmetrization procedure becomes tedious requiring the modification of the transformation
rules and the Lagrangian at the same time. However, in the off-shell formalism, supersymmetrizing
higher derivative terms can be done without modifying the supersymmetry transformation rules.
In this work, we use five-dimensional superconformal tensor calculus [15]-[19] which is an off-
shell formalism facilitating the construction tremendously1. In five dimensions, there are two
inequivalent Weyl multiplets: the standard Weyl multiplet and the dilaton Weyl multiplet. The
main difference between these two Weyl multiplets is that the dilaton Weyl multiplet contains a
graviphoton in its field content whereas the standard Weyl multiplet does not. A supergravity
theory based on the standard Weyl multiplet requires coupling to an external vector multiplet.
Utilizing the standard Weyl multiplet, the supersymmetric Weyl tensor squared invariant has
been found in [21] while the supersymmetric Riemann squared [22, 23] and Gauss-Bonnet combi-
nation [23] are based on the dilaton Weyl multiplet. Similar constructions in D = 4, N = 2 and
D = 6, N = (1, 0) theories have been done in [24, 25, 26, 27]. Therefore, for the completeness
of off-shell curvature squared invariants, the missing supersymmetric curvature squared terms in
D = 5, N = 2 theory are the Riemann tensor squared in the standard Weyl multiplet and Ricci
scalar squared in both Weyl multiplets. Using the vector multiplet actions, we derive the supersym-
metric completion of Ricci scalar squared term by composing the fields in the vector multiplet in
terms of the elements of linear multiplet and Weyl multiplet. As a consequence, the supersymmetric
curvature squared structures become complete in the dilaton Weyl multiplet. We then proceed to
couple all these curvature squared invariants to n number of vector multiplets. When the standard
Weyl multiplet is adopted, the Ricci scalar squared term is coupled to n Abelian vector multiplets.
We show that it modifies the very special geometry defined on the moduli space of the n vector mul-
tiplets. Compared with the supersymmetric Weyl tensor squared action [21], the supersymmetric
Ricci scalar squared term provides a simpler modification to the two-derivative theory. Although,
the Ricci scalar squared can be generated by a field redefinition from the string theory viewpoint,
the off-shell supersymmetric completion of Ricci scalar squared term is an independent worthwhile
1A superspace formulation of five dimensional N=2 supergravity and matter multiplets has been obtained in [20].
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superinvariant and does modify the physics in the context of gauge/gravity duality [28, 29].
The remainder of this paper is organized as follows. In section 2, we introduce the supercon-
formal multiplets in D = 5, N = 2 superconformal theory. In section 3, we list the superconformal
actions for the matter multiplets. In section 4 we first review the previously constructed minimal
off-shell curvature squared invariants purely based on the dilaton Weyl multiplet including the
supersymmetric Riemann squared action and the Gauss-Bonnet action. Then, we construct the
minimal off-shell Ricci scalar squared invariant. In section 5, we derive the vector multiplets cou-
pled Rieman tensor squared and Ricci scalar squared invariants and review the vector multiplets
coupled Weyl tensor squared for a complete discussion. Starting from section 6 we begin to use
the standard Weyl multiplet. We obtain an off-shell two-derivative Poincare´ supergravity by using
the linear and vector multiplets as compensators and gauge the U(1) R-symmetry by coupling this
theory to n number of vector multiplets. In section 7, after a brief discussion about the supersym-
metric Weyl tensor squared, we construct an off-shell vector multiplets coupled Ricci scalar squared
invariant. We then analyze the effects of the Ricci scalar squared term to very special geometry,
particularly in the case of AdS5 vacuum. In section 8, we study the supersymmeric magnetic string
and electric black hole solutions. We summarize in section 9.
2 Multiplets of Five Dimensional Superconformal Theory
In this section, we introduce the five dimensional N = 2 superconformal multiplets to be used in
the construction of off-shell two-derivative Poincare´ supergravities and curvature squared actions.
The section starts with the introduction of two superconformal Weyl multiplets. A superconformal
Weyl multiplet contains all the gauge fields associated with the superconformal algebra as well as
proper matter fields. The latter is included in order to balance the bosonic and fermionic degrees
of freedom and implement the off-shell closure of the algebra. In D = 5, N = 2 theory, there
exist two different choices for the matter fields which leads to two different Weyl multiplets: the
standard Weyl multiplet and the dilaton Weyl multiplet. In the first two subsections, we exhibit
the standard Weyl multiplet and the dilaton Weyl multiplet. The last two subsections are devoted
to the review of the superconformal matter multiplets including the vector multiplet and the linear
multiplet which will be used as the compensating multiplets in the construction of superconformal
actions.
2.1 The Standard Weyl Multiplet
The standard Weyl multiplet contains 32+32 off-shell degrees of freedom including a fu¨nfbein eµ
a,
a gravitino, ψiµ, a dilaton gauge field bµ, an SU(2) gauge field Vµ
ij , a scalar D, an antisymmetric
tensor Tab, and a symplectic Majorana spinor χ
i. The full Q, S and K transformations of these
fields are given by2 [15]
δeµ
a = 12 ¯γ
aψµ ,
δψiµ = (∂µ +
1
2bµ +
1
4ωµ
abγab)
i − V ijµ j + iγ · Tγµi − iγµηi ,
δVµ
ij = −32 i¯(iφj)µ + 4¯(iγµχj) + i¯(iγ · Tψj)µ + 32 iη¯(iψj)µ ,
δTab =
1
2 i¯γabχ− 332 i¯R̂ab(Q) ,
2In this paper, we use the conventions of [15] where the signature of the metric is diag(−, +, +, +, +). A table
introducing the correspondence between the notations of [21] and [15] is given in Appendix B for reader’s convenience.
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δχi = 14
iD − 164γ · R̂ij(V )j + 18 iγab /DTabi − 18 iγaDbTabi
−14γabcdTabTcdi + 16T 2i + 14γ · Tηi ,
δD = ¯ /Dχ− 53 i¯γ · Tχ− iη¯χ ,
δbµ =
1
2 i¯φµ − 2¯γµχ+ 12 iη¯ψµ + 2ΛKµ , (2.1)
where
Dµχi = (∂µ − 72bµ + 14ωµabγab)χi − V ijµ χj − 14ψiµD + 164γ · R̂ij(V )ψµj
−18 iγab /DTabψiµ + 18 iγaDbTabψiµ + 14γabcdTabTcdψiµ − 16T 2ψiµ − 14γ · Tφiµ ,
DµTab = ∂µTab − bµTab − 2ωµc[aTb]c − 12 iψ¯µγabχ+ 332 iψ¯µR̂ab(Q) . (2.2)
The supercovariant curvatures appearing in the transformation rules (2.1) are given by 3
R̂µν
ab(M) = 2∂[µων]
ab + 2ω[µ
acων]c
b + 8f[µ
[aeν]
b] + iψ¯[µγ
abψν] + iψ¯[µγ
[aγ · Tγb]ψν]
+ψ¯[µγ
[aR̂ν]
b](Q) + 12 ψ¯[µγν]R̂
ab(Q)− 8ψ¯[µeν][aγb]χ+ iφ¯[µγabψν] ,
R̂µν
ij(V ) = 2∂[µVν]
ij − 2V[µk(iVν] kj)−3iφ¯(i[µψ
j)
ν] − 8ψ¯
(i
[µγν]χ
j) − iψ¯(i[µγ · Tψ
j)
ν] , (2.3)
R̂iµν(Q) = 2∂[µψ
i
ν] +
1
2
ω[µ
abγabψ
i
ν] + b[µψ
i
ν] − 2V ij[µ ψν]j − 2iγ[µφiν] + 2iγ · Tγ[µψiν] ,
where the spin connection ωµ
ab, the S-supersymmetry gauge field φiµ and the special conformal
symmetry gauge field fµ
a are composites. Their explicit expressions are given by
ωµ
ab = 2eν[a∂[µe
b]
ν] − eν[aeb]σeµc∂νe cσ + 2e [aµ bb] − 12 ψ¯[bγa]ψµ − 14 ψ¯bγµψa ,
φiµ =
1
3 iγ
aR̂′µa
i(Q)− 124 iγµγabR̂′abi(Q) , (2.4)
faµ = −16Rµa + 148eµaR, Rµν ≡ R̂′ abµρ (M)ebρeνa, R ≡ Rµµ ,
where we used the notation R̂′ab(Q) and R̂
′ ab
µρ (M) to indicate that these expressions are obtained
from R̂ab(Q) and R̂
ab
µρ (M) by omitting the φ
i
µ and f
a
µ terms respectively.
2.2 The Dilaton Weyl Multiplet
The gauge sector of the dilaton Weyl multiplet is the same as the gauge sector of the standard
Weyl multiplet. The matter sector of the dilaton Weyl multiplet differs from that of the standard
Weyl as it contains a physical vector Cµ, an antisymmetric two-form gauge field Bµν , a dilaton
field σ and a dilatino ψi. The Q-, S- and K- transformation rules of the fields in the dilaton Weyl
multiplet can be found in [15]
δeµ
a = 12 ¯γ
aψµ ,
δψiµ = (∂µ +
1
2bµ +
1
4ωµ
abγab)
i − V ijµ j + iγ · Tγµi − iγµηi ,
δVµ
ij = −32 i¯(iφj)µ + 4¯(iγµχj) + i¯(iγ · Tψj)µ + 32 iη¯(iψj)µ ,
δCµ = −12 iσ¯ψµ + 12 ¯γµψ,
δBµν =
1
2σ
2¯γ[µψν] +
1
2 iσ¯γµνψ + C[µδ()Cν],
3A more detailed discussion about the supercovariant curvatures can be found in [15]
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δψi = −14γ · Ĝi − 12 i/Dσi + σγ · Ti − 14 iσ−1jψ¯iψj + σηi ,
δσ = 12 i¯ψ ,
δbµ =
1
2 i¯φµ − 2¯γµχ+ 12 iη¯ψµ + 2ΛKµ , (2.5)
where
Dµ σ = (∂µ − bµ)σ − 12 iψ¯µψ ,
Dµψi = (∂µ − 32bµ + 14 ωµabγab)ψi − V ijµ ψj + 14γ · Ĝψiµ
+12 i/Dσψiµ + 14 iσ−1ψµjψ¯iψj − σγ · Tψiµ − σφiµ , (2.6)
and the supercovariant curvatures are defined according to
Ĝµν = Gµν − ψ¯[µγν]ψ + 12 iσψ¯[µψν],
Ĥµνρ = Hµνρ − 34σ2ψ¯[µγνψρ] − 32 iσψ¯[µγνρ]ψ. (2.7)
In the above expressions, Gµν = 2∂[µCν] and Hµνρ = 3∂[µBνρ] +
3
2C[µGνρ]. Note that Ĝµν and Ĥµνρ
are invariant under the following gauge transformations
δCµ = ∂µΛ , δBµν = 2∂[µΛν] − 12ΛGµν . (2.8)
The underlined expressions T ab, χi andD, which are the fundamental auxiliary fields in the standard
Weyl multiplet, become composite expressions in the dilaton Weyl multiplet [15]
T ab = 18σ
−2
(
σĜab + 16
abcdeĤcde +
1
4 iψ¯γ
abψ
)
,
χi = 18 iσ
−1 /Dψi + 116 iσ−2 /Dσψi − 132σ−2γ · Ĝψi + 14σ−1γ · Tψi
+ 132 iσ
−3ψjψ¯iψj ,
D = 14σ
−12cσ + 18σ
−2(Daσ)(Daσ)− 116σ−2ĜµνĜµν
−18σ−2ψ¯ /Dψ − 164σ−4ψ¯iψjψ¯iψj − 4iσ−1ψχ
+
(
− 263 Tab + 2σ−1Ĝab + 14 iσ−2ψ¯γabψ
)
T ab , (2.9)
where the superconformal d’Alambertian for σ is given by
2cσ = (∂a − 2ba + ωbba)Daσ − 12 iψ¯aDaψ − 2σψ¯aγaχ
+12 ψ¯aγ
aγ · Tψ + 12 φ¯aγaψ + 2faaσ . (2.10)
These composite expressions define a map from the dilaton Weyl multiplet to the standard Weyl
multiplet.
2.3 The Vector Multiplet
The off-shell Abelian D = 5, N = 2 vector multiplet contains 8 + 8 degrees of freedom. Its bosonic
sector consists of a vector field Aµ, a scalar field ρ and an auxiliary SU(2) triplet field Y
ij = Y (ij).
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The fermionic sector contains an SU(2) doublet λi. The Q- and S-transformations for the vector
multiplet are given by [16]
δAµ = −12 iρ¯ψµ + 12 ¯γµλ ,
δY ij = −12 ¯(i /Dλj) + 12 i¯(iγ · Tλj) − 4iσ¯(iχj) + 12 iη¯(iλj) ,
δλi = −14γ · F̂ i − 12 i/Dρi + ργ · Ti − Y ijj + ρηi ,
δρ = 12 i¯λ. (2.11)
In the above expressions, the superconformally covariant derivatives are defined as
Dµ ρ = (∂µ − bµ)ρ− 12 iψ¯µλ ,
Dµλi = (∂µ − 32bµ + 14 ωµabγab)λi − V ijµ λj
+14γ · F̂ψiµ + 12 i/Dρψiµ + Y ijψµ j − ργ · Tψiµ − ρφiµ, (2.12)
where the supercovariant Yang-Mills curvature is defined as
F̂µν = Fµν − ψ¯[µγν]λ+ 12 iρψ¯[µψν] , Fµν = 2∂[µAν]. (2.13)
The local supersymmetry transformation rules given in (2.11) are obtained by coupling the rigid
supersymmetric theory to a Weyl multiplet [16]. In the above transformation rules, we utilized
the standard Weyl multiplet. If the dilaton Weyl multiplet is considered, the supersymmetry
tranformation rules can be obtained straightforwardly by replacing Tab, D and χ
i by their composite
expressions according to (2.9).
2.4 The Linear Multiplet
The off-shell D = 5, N = 2 linear multiplet contains 8 + 8 degrees of freedom. The bosonic fields
consist of an SU(2) triplet Lij = L(ij), a constrained vector Ea and a scalar N . The fermionic field
contains an SU(2) doublet ϕi. Adopting the standard Weyl multiplet, the Q-and S-supersymmetry
transformations of the linear multiplet are given in [16]
δLij = i¯(iϕj) ,
δϕi = −12 i/DLijj − 12 iγaEai + 12Ni − γ · TLijj + 3Lijηj ,
δEa = −12 i¯γabDbϕ− 2¯γbϕTba − 2η¯γaϕ ,
δN = 12 ¯ /Dϕ+ 32 i¯γ · Tϕ+ 4i¯iχjLij + 32 iη¯ϕ , (2.14)
where the following superconformally covariant derivatives are used
DµLij = (∂µ − 3bµ)Lij + 2Vµ(ikLj)k − iψ¯(iµϕj) ,
Dµϕi = (∂µ − 72bµ + 14ωµabγab)ϕi − V ijµ ϕj + 12 i/DLijψµ j + 12 iγaEaψiµ
−12Nψiµ + γ · TLijψµ j − 3Lijφµ j ,
DµEa = (∂µ − 4bµ)Ea + ωµabEb + 12 iψ¯µγabDbϕ+ 2ψ¯µγbϕTba + 2φ¯µγaϕ . (2.15)
As mentioned before, Ea is constrained for the closure of the superconformal algebra
DaEa = 0 . (2.16)
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Therefore Ea can be solved in terms of a 3-form Eµνρ as
Ea = − 112eµae−1εµνρσλDνEρσλ. (2.17)
Similar to the vector multiplet, if the dilaton Weyl multiplet is adopted, the supersymmetry trans-
formation rules for the linear multiplet can be obtained by using the map (2.9).
3 Superconformal Actions
In this section, we review the superconformal actions for the matter multiplets coupled to the
standard Weyl multiplet and the dilaton Weyl multiplet, which give rise to different formulations
of off-shell Poincare´ supergravities. These actions include a linear multiplet action [19, 23] and
three vector multiplet actions. The first vector multiplet action describing n number of vector
multiplets coupled to the standard Weyl is treated as the master action from which we derive the
other two actions for n number of vector multiplets coupled to the dilaton Weyl multiplet.
The starting point for the constructions of the linear and vector multiplet actions is the super-
conformal density formula [17]
e−1LV L = Y ijLij + iλ¯ϕ− 1
2
ψ¯iaγ
aλiLij +AaP
a
+ρ
(
N +
1
2
ψ¯aγ
aϕ+
1
4
iψ¯iaγ
abψjbLij
)
, (3.1)
where Pa is the bosonic part of the supercovariant field strength Ea
P a = Ea +
1
2
iψ¯bγ
baϕ+
1
4
ψ¯ibγ
abcψjcLij . (3.2)
3.1 The Linear Multiplet Action
The procedure of constructing an action for the linear multiplet is based on superconformal tensor
calculus, where the fields of vector multiplets are composed in terms of the fields in linear multiplet
and a Weyl multiplet. The construction of a linear multiplet action is explored in detail by [19, 23].
Here we only present the results which contribute to the purely bosonic action. Using the linear
multiplet and the standard Weyl multiplet, the elements of vector multiplet can be composed as
given in (A.2). Inserting the composite expressions into the vector-linear action (3.1), one can
obtain an action for the linear multiplet,
e−1LSL = L−1Lij2cLij − LijDµLk(iDµLj)mLkmL−3 +N2L−1
−EµEµL−1 + 83LT 2 + 4DL− 12L−3EµνLlk∂µLkp∂νLpl
+2Eµν∂µ(L
−1Eν + V ijν LijL
−1) , (3.3)
where we have defined L2 = LijL
ij and the superscript S indicates that this action utilizes the
standard Weyl multiplet. The superconformal d’Alembertian of Lij is given by
Lij2
cLij = Lij(∂
a − 4ba + ωbba)DaLij + 2LijVaikDaLjk + 6L2faa
−iLijψ¯aiDaϕj − 6L2ψ¯aγaχ− Lijϕ¯iγ · Tγaψja + Lijϕ¯iγaφja . (3.4)
The linear multiplet action (3.3) can be transferred to an action describing the linear multiplet
coupled to the dilaton Weyl multiplet by replacing the Tab, D and χ
i by their composite expressions
according to (2.9) in the action (3.3).
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3.2 Vector Multiplet Actions
The elements of linear multiplet can be constructed in terms of the fields in vector multiplet and
a Weyl multiplet (A.1). Then an action for vector multiplet can be obtained by using the density
formula (3.1). Adopting the standard Weyl multiplet, an action for n vector multiplets is given by
[16, 17]
e−1LSV = CIJK
(
− 14ρIF JµνFK µν + 13ρIρJ2CρK + 16ρIDµρJDµρK + ρIY J ijY Kij
−43ρIρJρK(D + 263 TµνTµν) + 4ρIρJFKµνTµν − 124µνρσλAIµF JνρFKσλ
)
, (3.5)
where we have generalized the single vector multiplet action to n-vector multiplets action, I =
1, . . . n. The coefficient CIJK is symmetric in I, J,K and determines the coupling of n vector
multiplets. The complete expression of the superconformal d’Alembertian for ρI is [16]
2cρI = (∂a − 2ba + ωbba)DaρI − 12 iψ¯aDaλI − 2ρI ψ¯aγaχ
+12 ψ¯aγ
aγ · TλI + 12 φ¯aγaλI + 2faaρI . (3.6)
The action (3.5) will be used as the master action for the construction of n-vector coupled curvature
squared actions in the dilaton Weyl multiplet. Adopting the dilaton Weyl multiplet, the fields D,Tab
and χi are underlined meaning that they become composite fields, one obtains a vector multiplet
action describing n number of vector multiplets coupled to supergravity. As we will see, the vector
multiplet action plays an important role in the construction of Riemann squared invariant [22, 23].
A special case of the master action to be utilized directly in the derivation of Riemann squared
invariant is given by
CIJK =
{
C1IJ = aIJ
0 otherwise.
(3.7)
Under this choice, the vector multiplet action in the dilaton Weyl multiplet is given as
e−1L′DV = aIJ
(
ρY IijY
ij J − 14ρF IµνFµν J − 12ρIF JµνFµν + 8ρρIF JµνTµν + 12ρIρJ2Cρ
+12ρρ
I2CρJ + 12ρ
IDaρJDaρ− 4ρρIρJ(D + 263 T 2) + 4ρIρJFµνTµν
−18µνρσλF IµνF JρσAλ + 2ρIY Jij Y ij
)
, (3.8)
where the superscript D demonstrates that this action is constructed by using the dilaton Weyl
multiplet. In this case, the coupling of n number of vector multiplets is dictated by the symmetric
rank-2 tensor aIJ . To obtain the Riemann squared invariant by using the Yang-Mills trick (4.2),
the I index indicating n-copy of Abelian vector multiplets should be replaced by the Yang-Mills
index Σ and the field strength should be interpreted as the Yang-Mills field strength . As we shall
mention later, this vector multiplet action can give rise to the Riemann squared invariant coupled
to n number of vector multiplets. If one prefers to construct a Riemann squared action purely
based on the dilaton Weyl multiplet [22, 23] one can utilize the map from the vector multiplet to
the dilaton Weyl multiplet [23]
(λi, ρ, Aµ, Yij)→ (ψi, σ, Cµ, 14 iσ−1ψ¯iψj). (3.9)
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which leads to another action for the vector multiplet coupled to supergravity
e−1LDV = aIJ
(
σY IijY
ij J − 14σF IµνFµν J − 12ρIF JµνGµν + 8σρIF JµνTµν + 12ρIρJ2Cσ
+12σρ
I2CρJ + 12ρ
IDµρJDµσ − 4σρIρJ(D + 263 T 2) + 4ρIρJGµνTµν
−18µνρσλF IµνF JρσCλ
)
. (3.10)
4 Minimal Curvature Squared Actions in the Dilaton Weyl Mul-
tiplet
The five dimensional minimal off-shell Poincare´ supergravity multiplet consists of the fields
eµ
a(10), ψiµ(32), Cµ(4), Bµν(6), ϕ
i(8), L(1), Eµνρ(4), N(1), Vµ(4), V
′ij
µ (10), (4.1)
where the number in the bracket denotes the off-shell degrees of freedom carried by the fields.
Using the dilaton Weyl multiplet, the minimal off-shell supersymmetric Riemann squared and
Gauss-Bonnet combination have been obtained in [22, 23] and [23] respectively. In this section, we
complete the off-shell curvature squared invariants by constructing the Ricci scalar squared action.
The map from the dilaton Weyl multiplet to the standard Weyl multiplet (2.9) plays a crucial role
in the construction of curvature squared actions. In particular, the composite expression for D
contains a curvature term. Thus, the existence of a D2 term in a curvature squared action means
the curvature terms get an extra R2 contribution from the composite expression of D. As we
shall see, this fact is essential in the construction of supersymmetric completion of Gauss-Bonnet
combination [23].
In the first two subsections, we list the known supersymmetric Riemann squared and Gauss-
Bonnet actions. In the third subsection, we obtain the supersymmetric Ricci scalar squared action
from superconformal method.
4.1 Supersymmetric Riemann Squared Action
In this subsection, we briefly revisit the Riemann squared action constructed in [23] using super-
conformal calculus and Yang-Mills trick in five dimensions
(AΣµ , Y
ij
Σ , λ
i
Σ, ρΣ) ←→ (ωabµ+, −V̂abij , −ψ̂iab, Ĝab), (4.2)
where Σ means the Yang-Mills index. This action can also be obtained from a circle reduction of
six dimensional theory [22]. The derivation of the Riemann squared action requires specific gauge
fixing conditions given by
σ = 1, ψi = 0, Lij =
1√
2
δijL, bµ = 0 . (4.3)
The first gauge choice breaks the SU(2)R down to U(1)R whereas the second one fixes dilata-
tions, the third one fixes special supersymmetry transformations and the last one fixes conformal
boosts. The decomposition rules which follow from the above gauge fixing can be found in [23].
As a consequence of the gauge fixing, we obtain the Poincare´ multiplet. Accordingly, the off-shell
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supersymmmetry transformation rules for the fields of Poincare´ multiplet are given by [23]
δeµ
a = 12 ¯γ
aψµ ,
δψiµ = Dµ(ω−)i − 12 iĜµνγνi ,
δVµ
ij = 12 ¯
(iγνψ̂j)µν − 16 ¯(iγ · Ĥψj)µ − 14 i¯(iγ · Ĝψj)µ ,
δCµ = −12 i¯ψµ ,
δBµν =
1
2 ¯γ[µψν] + C[µδ()Cν] ,
δL = 1√
2
i¯iϕjδij ,
δϕi = − 1
2
√
2
i/∂Lδijj − 1√2 iV
′
µ
(i
kδ
j)kLj − 12 i/Ei + 12Ni + 14√2Lγ · Ĝδ
ijj
− 1
6
√
2
iLγ · Ĥδijj ,
δEµνρ = −¯γµνρϕ+ 1√2 iLψ¯
i
[µγνρ]
jδij ,
δN = 12 ¯γ
µ
(
∂µ +
1
4ωµ
bcγbc
)
ϕ+ 12 ¯
iγaVa ijϕ
j − 1
4
√
2
i¯iγa/∂Lψjaδij
+ 1
4
√
2
i¯iγaγbV ′b(i
kδj)kψ
j
a +
1
4 i¯γ
a /Eψa − 14N¯γaψa + 18√2L¯
iγaγ · Ĝψjaδij
−
√
2L¯iγaφjaδij +
1
8 i¯γ · Ĥϕ, (4.4)
The bosonic part of the Riemann squared action is given as [23]
e−1LD
Riem2
= −14
(
Rµνab(ω+)−GµνGab
)(
Rµνab(ω+)−GµνGab
)
−12∇µ(ω+)Gab∇µ(ω+)Gab + VµνijV µνij
−18µνρσλ
(
Rµνab(ω+)−GµνGab
)(
Rρσ
ab(ω+)−GρσGab
)
Cλ
−12µνρσλBρσ (Rµνab(ω+)−GµνGab)∇λ(ω+)Gab , (4.5)
where the torsionful spin connection [22] is defined as
ωµ
ab
± = ωµ
ab ± Ĥµab . (4.6)
We have also defined the supercovariant curvature of Vµ
ij as
V̂µν
ij = Vµν
ij − ψ¯(i[µγρψ̂
j)
ν]ρ +
1
6 ψ¯
(i
µ γ · Ĥψj)ν + 14 iψ¯(iµ γ · Ĝψj)ν . (4.7)
The Riemann squared action can be added to the off-shell Poincare´ supergravity that is also in-
variant under the transformation rules (4.4) [23]
e−1LDLR = 12LR+ 12L−1∂µL∂µL− 14LGµνGµν − 16LHµνρHµνρ
−L−1N2 − L−1PµPµ −
√
2PµVµ + LV
′ij
µ V
′µ
ij , (4.8)
where Pµ is the bosonic part of the supercovariant curvature Eµ according to (3.2), and we have
decomposed the field V ijµ into its trace and traceless part as
V ijµ = V
′ij
µ +
1
2δ
ijVµ, V
′ij
µ δij = 0 . (4.9)
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4.2 Supersymmetric C2µνρλ +
1
6
R2 Action
In this section, we review the supersymmetrization of Weyl tensor squared action in the dilaton Weyl
multiplet. As we mentioned before, in the dilaton Weyl multiplet, the supersymmetrization of Weyl
tensor squared accquires an extra Ricci scalar squared term through the square of D. Therefore, the
supersymmetric completion of Weyl tensor squared C2µνρσ turns into the supersymmetric completion
of C2µνρλ +
1
6R
2. The bosonic part of the supersymmetric C2µνρλ +
1
6R
2 action is presented by [23]
e−1LD
C2+
1
6R
2
= 18RµνρσR
µνρσ − 16RµνRµν + 148R2 + 643 D2 + 10249 T 2D
−163 RµνρσTµν T ρσ + 2RµνρσT ρσGµν + 13RTµνGµν − 83RνσGρνT ρσ
−643 RνρTµνTµρ + 83RT 2 − 323 DTµνGµν + 116µνρσλCµRνρτδRσλτδ
− 112µνρσλCµV νρijV σλ ij − 13VµνijV µνij − 643 ∇µT νρ∇µT νρ
+643 ∇νTµρ∇µT νρ − 1283 Tµν∇ν∇ρTµρ − 1283 µνρσλTµνT ρσ∇τT λτ
+1024T 4 − 281627 (T 2)2 − 649 TµνGµνT 2 − 2563 TµρT ρσT νσGµν
−323 µνρσλT ρτ∇τT σλGµν − 16µνρσλT ρτ∇σT λτGµν , (4.10)
where the bosonic parts of the composite fields D and T ab are given as
D ≡ − 132R− 116GabGab − 263 T abT ab + 2T abGab ,
T ab ≡ 18Gab + 148abcdeHcde . (4.11)
For simplicity, we introduced the notation T 4 ≡ TabT bcTcdT da and (T 2)2 ≡ (TabT ab)2. We also used
∇µTab = ∂µTab − 2ωµc[aTb]c. (4.12)
Note that to obtain the above expressions for the composite fields, the gauge fixing conditions (4.3)
have been utilized. The supersymmetric completion of C2µνρσ +
1
6R
2, (4.10) can be combined with
the Riemann squared action (4.5) and the Poincare´ supergravity (4.8)
LDLR + αLDRiem2 + βLDC2+ 16R2
. (4.13)
This theory possesses a maximally supersymmetric Minkowski5 vacuum. The spectrum around the
Minkowski5 vacuum has been analyzed in [23], where it is found that for generic α, β, the full spec-
trum consists of the (reducible) massless 12+12 supergravity multiplet with fields (hµν , bµν , cµ, φ,
ψiµ, ϕ
i) and a ghost massive 32+32 supergravity multiplet with fields (hµν , bµν , cµ, φ, v
ij
µ , ψiµ, ϕ
i).
In the special case when β = 3α, the massive multiplet decouples and the curvature squared terms
furnish the supersymmetric completion of Gauss-Bonnet combination [23].
4.3 Supersymmetric Ricci Scalar Squared Action
In this section, we construct the supersymmetric completion of Ricci scalar squared action using
the dilaton Weyl multiplet. The key observation behind the construction is that the composite
expression of Y ij (A.2) contains the Ricci scalar implicitly in the superconformal d’Alembertian of
Lij . Therefore, the supersymmetric Ricci scalar squared action can be obtained by substituting the
composite expressions (A.2) in the vector multiplet action given in (3.10) since the off-shell vector
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multiplet action has a Y ijYij term. The construction of supersymmetric Ricci scalar squared
action completes the off-shell curvature squared actions based on the dilaton Weyl multiplet in
N = 2, D = 5 supergravity.
For the construction of Ricci scalar squared invariant, we first rewrite the vector multiplet action
(3.10) for a single vector multiplet under the gauge fixing conditions (4.3) as,
e−1LDV |σ=1 = YijY ij − 12∇µρ∇µρ− 14(Fµν − ρGµν)(Fµν − ρGµν)
−18µνρσλ(Fµν − ρGµν)(Fρσ − ρGρσ)Cλ
−12µνρσλ(Fµν − ρGµν)Bρσ∇λρ . (4.14)
Using the same gauge fixing, the composite expressions (A.2) for the elements of vector multiplet
can be recast into
ρ|σ=1 = 2NL−1,
Y ij |σ=1 = 1√2δij
(
− 12R+ 14GabGab + 16HabcHabc − L−2N2 − L−2PaP a − V
′kl
a V
′a
kl
+L−12L− 12L−2∂aL∂aL
)
+ 2L−1P aV ′aij −
√
2L−1∇a(LV ′am(iδj)m),
F̂ ab|σ=1 = 2
√
2∂[a
(
Vb] +
√
2L−1Pb]
)
. (4.15)
The fermionic terms in the composite expressions of vector multiplet can be straightforwardly
figured out by using the complete results given in (A.2). Using the above formulas in (4.14), we
obtain the supersymmetric Ricci scalar squared action in the dilaton Weyl multiplet whose bosonic
part reads
e−1LDR2 = 14
(
R− 12GµνGµν − 13HµνρHµνρ + 2L−2N2 + 2L−2PµPµ − 4ZµZ¯µ − 2L−12L
+L−2∂µL∂µL
)2 − L−2∣∣∣2∇µ(LZµ) + 2√2iPµZµ∣∣∣2 − 2∇µ(L−1N)∇µ(L−1N)
−12µνρσλ
(
∂µC˜ν −NL−1Gµν
)(
∂ρC˜σ −NL−1Gρσ
)
Cλ
−2µνρσλ
(
∂µC˜ν −NL−1Gµν
)
Bρσ∇λ(L−1N)
−
(
∂[µC˜ν] −NL−1Gµν
)(
∂µC˜ν −NL−1Gµν
)
, (4.16)
where for simplicity, we have defined
Zµ = V
′12
µ + iV
′11
µ , C˜µ =
√
2Vµ + 2L
−1Pµ. (4.17)
The general R+R2 action in the dilaton Weyl multiplet can therefore be written as
LDLR + αLDRiem2 + βLDC2+ 16R2
+ γLDR2 . (4.18)
The inclusion of the Ricci scalar squared action does not affect the existence of maximally super-
symmetric Minkowski5 vacuum, however it brings a massive vector multiplet with m
2 = L02γ . The
8+8 degrees of freedom in the massive vector multiplet are carried by (L,N, ∂µZµ, C˜µ, ϕ
i).
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5 Vector Multiplets Coupled Curvature Squared Invariants in the
Dilaton Weyl Multiplet
In the previous section, we have completed the curvature squared invariants purely based on the
off-shell Poincare´ multiplet (4.1). In this section, we couple the external vector multiplets to the
curvature squared invariants. The inclusion of the external vector multiplet gives rise to a mixed
Chern-Simons term in the supersymmetric Riemann squared action
A ∧R ∧R , (5.1)
where the vector Aµ belongs to a vector multiplet, as opposed to the case of minimal off-shell
curvature squared invariants in the dilaton Weyl multiplet where the Chern-Simons term is purely
gravitational (4.5)
C ∧R ∧R , (5.2)
where Cµ is the vector in the Poincare´ multiplet. In the following, we directly present the results
for the vector multiplets coupled curvature squared term which can be straightforwardly obtained
from the results for single vector multiplet coupled curvature squared term.
5.1 Vector Multiplets Coupled Riemann Squared Action
In this subsection, we generalize the Riemann squared action purely based on the off-shell Poincare´
multiplet to the vector multiplets coupled Riemann squared action in which the Chern-Simons term
takes the form of A∧R∧R. In order to construct the vector multiplets coupled Riemann squared
action, we consider the following Yang-Mills action in the dilaton Weyl multiplet. This action is
the Yang-Mills analogue of the n Abelian vector action (3.8)
e−1L′DYM = ρY Σij Y ij Σ + 2ρΣY Σij Y ij + ρρΣ∇µ∇µρΣ + 12ρ∇µρΣ∇µρΣ
−14ρ(FΣµν − ρΣGµν)(Fµν Σ − 3ρΣGµν)− 12(FΣµν − ρΣGµν)ρΣFµν
+ 112ρ
ΣρΣµνρσλ(Fµν − 2ρGµν)Hρσλ + 16ρρΣµνρσλFΣµνHρσλ
−18µνρσλFΣµνFΣρσAλ , (5.3)
where Σ is the Yang-Mills group index. The construction procedure of the vector multiplets coupled
Riemann squared action is the same as before. Upon applying the map between the Yang-Mills
multiplet and the dilaton Weyl multiplet, we obtain the vector multiplets coupled Riemann squared
action
e−1L′DRiem2 = αI
[
− 14ρI(Rµνab(ω+)−GµνGab)(Rµνab(ω+)− 3GµνGab)
−12(Rµνab(ω+)−GµνGab)F IµνGab + ρIVijµνV ijµν − 2GµνVijµνY ij I
+ρIGab∇µ(ω+)∇µ(ω+)Gab + 12ρI∇µ(ω+)Gab∇µ(ω+)Gab
+ 112
µνρσλ(F Iµν − 2ρIGµν)HρσλGabGab + 16ρIµνρσλRµνab(ω+)GabHρσλ
−18µνρσλRµνab(ω+)Rρσab(ω+)AIλ
]
. (5.4)
Note that this action recovers the Riemann squared invariant (4.5) upon considering a single vector
multiplet, I = 1, and applying the map from the dilaton Weyl multiplet to the vector multiplet
(3.9).
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5.2 Vector Multiplets Coupled C2µνρλ +
1
6
R2 Action
The n-vector multiplets coupled C2µνρλ +
1
6R
2 action can be straightforwardly obtained from the
Weyl squared action [21] in standard Weyl multiplet by underlining D, Tab and χi
e−1L′D
C2+
1
6R
2
= βI
[
1
8ρ
ICµνρσCµνρσ +
64
3 ρ
ID2 + 10249 ρ
IT 2D − 323 DTµνFµν I
−163 ρICµνρσTµν T ρσ + 2CµνρσTµνF ρσ I + 116µνρσλAIµCνρτδCσλτδ
− 112µνρσλAIµVνρijVσλ ij + 163 Y IijVµνijTµν − 13ρIVµνijV µνij
+643 ρ
I∇νTµρ∇µT νρ − 1283 ρITµν∇ν∇ρTµρ − 2569 ρIRνρTµνTµρ
+329 ρ
IRT 2 − 643 ρI∇µT νρ∇µT νρ + 1024ρI T 4 − 281627 ρI(T 2)2
−649 TµνFµν IT 2 − 2563 TµρT ρλT νλFµν I − 323 µνρσλT ρτ∇τT σλFµν I
−16µνρσλT ρτ∇σT λτFµν I − 1283 ρIµνρσλTµνT ρσ∇τT λτ
]
. (5.5)
where the composite expressions for D and Tab in σ = 1 gauge fixing are given in (4.11).
5.3 Vector Multiplets Coupled Ricci Scalar Squared Action
To obtain an off-shell Ricci scalar squared invariant coupled to vector multiplets, we use the same
strategy as we construct the minimal Ricci scalar squared invariant. The starting point is the
vector multiplet action (3.8). By choosing the nonvanishing components of CIJK to be CI11 = αI
and replacing D, Tab by their composite expressions (2.9), we obtain the n vector coupled Ricci
scalar squared action
e−1L′DR2 = γI
(
ρIY ijY
ij + 2ρY ijY Iij − 14ρIFµνFµν − 12ρFµν(F Iµν − 2ρIGµν)
+12ρ
2(F Iµν − 32ρIGµν)Gµν + 112ρ2µνρσλ(F Iµν − 2ρIGµν)Hρσλ
+16ρ
IρµνρσλF
µνHρσλ − 18µνρσλAµIF νρF σλ + 12ρI∇µρ∇µρ
+ρIρ2ρ
)
. (5.6)
The composite expressions for the elements of a vector multiplet are given as
ρ|σ=1 = 2NL−1,
Y ij |σ=1 = 1√2δij
(
− 12R+ 14GabGab + 16HabcHabc − L−2N2 − L−2PaP a − V
′kl
a V
′a
kl
+L−12L− 12L−2∂aL∂aL
)
+ 2L−1P aV ′aij −
√
2L−1∇a(LV ′am(iδj)m),
F̂ ab|σ=1 = 2
√
2∂[a
(
Vb] +
√
2L−1Pb]
)
. (5.7)
At this moment, we have also completed the vector multiplets coupled curvature squared terms.
The general vector multiplets coupled R+R2 theory is given by
LDLR + L
′D
V + L
′D
Riem2 + L
′D
C2+
1
6R
2
+ L′DR2 , (5.8)
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in which the vector multiplet action in σ = 1 gauge is given as
e−1L′DV |σ=1 = aIJ
(
ρY IijY
ij J + 2ρIY Jij Y
ij + ρρI∇µ∇µρJ + 12ρ∇µρI∇µρJ
−14ρ(F Iµν − ρIGµν)(Fµν J − 3ρJGµν)− 12(F Iµν − ρIGµν)ρJFµν
+ 112ρ
IρJµνρσλ(Fµν − 2ρGµν)Hρσλ + 16ρρIµνρσλF JµνHρσλ
−18µνρσλF IµνF JρσAλ
)
. (5.9)
The supersymmetric completion of vector multiplets coupled Gauss-Bonnet combination can be
achieved by setting γI = 0, and choosing the free parameters of L′DRiem2 and L
′D
C2+
1
6R
2
to be related
to each other according to βI = 3αI .
6 D = 5, N = 2 Off-Shell Supergravity in the Standard Weyl Mul-
tiplet
In the previous section, we presented all off-shell curvature squared actions in five dimensional
N = 2 theory based on the dilaton Weyl multiplet. In this section, we focus on the construction of
off-shell actions by using the standard Weyl multiplet.
In [18, 21], a Poincare´ supergravity was constructed by coupling the standard Weyl multiplet to
a hypermultiplet and n number of vector multiplets. However, we notice that to obtain the Ricci
scalar squared action, it is more convenient to choose a linear multiplet as the compensator instead
of a hypermultiplet. Therefore we devote this section to the construction of an off-shell Poincare´
supergravity and its R-symmetry gauging using the linear and vector multiplets.
In subsection 6.1 we introduce the superconformal theory which give rise to an off-shell Poincare´
supergravity upon fixing the redundant superconformal symmetries. In the next subsection, we
discuss the R-symmetry gauging of this theory and show that the corresponding on-shell theory is
the conventional gauged minimal D = 5, N = 2 supergravity.
6.1 Poincare´ Supergravity
A consistent superconformal supergravity is given by combining the linear multiplet action and
vector multiplet action
LSR = −LSL − 3LSV , (6.1)
where LSL is given in (3.3) and LSV is given in (3.5). This action has redundant superconformal
symmetries needing be fixed in order to obtain an off-shell Poincare´ supergravity. The gauge fixing
conditions adopted in this section are
Lij =
1√
2
δij , bµ = 0, ϕ
i = 0, (6.2)
where the first one breaks SU(2)R to U(1)R and fixes dilatation by setting L = 1. The second
one fixes the special conformal symmetry, and the last choice fixes the S-supersymmetry. To
maintain the gauge (6.2), the compensating transformations are required. Here we only present
the compensating special supersymmetry and the compensating conformal boost with parameters
ηk =
1
3
(
γ · Tk − 1√2Nδik
i + 1√
2
i/Eδik
i + iγaV
′(i
a lδ
j)lδikj
)
, (6.3)
ΛKµ = −14 i¯φµ − 14 iη¯ψµ + ¯γµχ. (6.4)
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Using the gauge fixing conditions, the bosonic part of the corresponding off-shell Poincare´ super-
gravity is given by
e−1LSR = 18(C + 3)R+ 13(104C − 8)T 2 + 4(C − 1)D −N2 − PµPµ + V
′ij
µ V
′µ
ij −
√
2VµP
µ
+34CIJKρ
IF JµνF
µν K + 32CIJKρ
I∂µρ
J∂µρK − 3CIJKρIY Jij Y ij K
−12CIJKρIρJFKµνTµν + 18µνρσλCIJKAIµF JνρFKσλ, (6.5)
where we have defined C = CIJKρIρJρK . In the context of M-theory, the theory of five-dimensional
N = 2 supergravity coupled to Abelian vector supermultiplets arise by compactifying eleven-
dimensional supergravity, the low-energy theory of M-theory, on a Calabi-Yau three-folds [9, 10].
STU model corresponds to C = STU , where S, T and U are three vector moduli.
6.2 Gauged Model
As a result of our gauge choices (6.2), the U(1)R symmetry of the off-shell Poincare theory (6.5) is
gauged by the auxiliary vector Vµ, i.e. the full U(1)R covariant derivative for gravitino is given by,
∇µψiν =
(
∂µ +
1
4ωµ
abγab
)
ψiν − 12Vµδijψν j . (6.6)
where V
′ij
µ , the traceless part of V
ij
µ does not appear in the U(1)R covariant derivative for gravitino
as a consequence of our gauge fixing choices (6.2). In this section, we discuss the U(1)R gauging
of the Poincare´ the theory by physical vectors AIµ. In the rest of the paper, we use the following
notation
C = CIJKρIρJρK , CI = 3CIJKρIρK , CIJ = 6CIJKρK . (6.7)
The off-shell gauged model is given by
e−1LSgR = e−1(LSR − 3gILIV L)|L=1
= 18(C + 3)R+ 13(104C − 8)T 2 + 4(C − 1)D −N2 − PµPµ + V
′ij
µ V
′µ
ij
−
√
2PµV
µ + 18CIJF IµνFµν J + 14CIJ∂µρI∂µρJ − 12CIJY IijY ij J − 4CIF IµνTµν
+18
µνρσλCIJKA
I
µF
J
νρF
K
σλ − 3√2gIY
I
ijδ
ij − 3gIPµAIµ − 3gIρIN . (6.8)
where L = 1 indicates the gauge fixing condition (6.2). As the field equation of Vµ implies that
Pµ = 0, we can immediately see that the Pµ equation implies that
Vµ = − 3√2gIA
I
µ , (6.9)
hence, the auxiliary vector Vµ is replaced by a linear combination of physical vectors A
I
µ
∇µψiν =
(
∂µ +
1
4ωµ
abγab
)
ψiν +
3
2
√
2
gIA
I
µδ
ijψν j . (6.10)
Therefore, the U(1)R symmetry is gauged by the physical vectors. The equations of motion for
D,Tab, N and Y
I
ij lead to
0 = C − 1,
0 = 23(104C − 8)Tab − 4CIF Iab,
0 = 2N + 3gIρ
I ,
0 = CIJY Jij + 3√2gIδij . (6.11)
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The field equation for D implies the constraint for very special geometry
CIJKρ
IρJρK = 1. (6.12)
Eliminating Tab, N and Y
I
ij according to their field equations gives rise to the following on-shell
action
e−1LSgR|on−shell = 12R+ 18(CIJ − CICJ)F IµνFµν J + 14CIJ∂µρI∂µρJ
+18
µνρσλCIJKA
I
µF
J
νρF
K
σλ + Λ(ρ), (6.13)
with
Λ(ρ) = 94(gIρ
I)2 + 92CIJgIgJ , (6.14)
where CIJ is the inverse of CIJ and due to the constraint (6.12), ρI is not independent field now.
One can proceed further and truncate the on-shell vector multiplets to obtain the minimal gauged
supergravity. In order to do so, we consider a single graviphoton via
ρI = ρ¯I , AIµ = ρ¯
IAµ, gI = ρ¯Ig, (6.15)
where ρ¯I is VEV of the scalar at the critical value of the scalar potential (6.14) and ρ¯I satisfies ρ¯
I ρ¯I =
1. The truncation conditions in (6.15) are consistent with the supersymmetry transformation rules
and lead to
e−1LmingR = 12R− 38FµνFµν + 18µνρσλAµFνρFσλ + 3g2, (6.16)
which reproduces the conventional minimal on-shell supergravity in five dimensions.
7 Supersymmetric Curvature Squared Actions in the Standard
Weyl Multiplet
In this section, we quickly review the Weyl squared action derived in [21] and construct an off-shell
Ricci scalar squared action based on the standard Weyl multiplet. The procedure for constructing
the Ricci scalar squared action in the standard Weyl multiplet is similar to the one used in the
dilaton Weyl multiplet. In the standard Weyl multiplet, the Ricci scalar squared term can be
coupled to n vector multiplets and alter the very special geometry.
7.1 Supersymmetric Weyl Squared Action
Using superconformal tensor calculus, an off-shell Weyl squared action in the standard Weyl mul-
tiplet was constructed in [21], and its bosonic part reads
e−1LSC2 = cI
[
1
8ρ
ICµνρσCµνρσ +
64
3 ρ
ID2 + 10249 ρ
IT 2D − 323 DTµνFµν I
−163 ρICµνρσTµν T ρσ + 2CµνρσTµνF ρσ I + 116µνρσλAIµCνρτδCσλτδ
− 112µνρσλAIµVνρijVσλ ij + 163 Y IijVµνijTµν − 13ρIVµνijV µνij
+643 ρ
I∇νTµρ∇µT νρ − 1283 ρITµν∇ν∇ρTµρ − 2569 ρIRνρTµνTµρ
+329 ρ
IRT 2 − 643 ρI∇µTνρ∇µT νρ + 1024ρI T 4 − 281627 ρI(T 2)2
−649 TµνFµν IT 2 − 2563 TµρT ρλTνλFµν I − 323 µνρσλT ρτ∇τT σλFµν I
−16µνρσλT ρτ∇σT λτFµν I − 1283 ρIµνρσλTµνT ρσ∇τT λτ
]
, (7.1)
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where the five dimensional Weyl tensor reads
Cµνρσ = Rµνρσ − 13(gµρRνσ − gνρRµσ − gµσRνρ + gνσRµρ)
+ 112(gµρgνσ − gµσgνρ)R. (7.2)
Now, we would like to comment more rigorously on the difference between the Weyl squared invari-
ant in the standard Weyl multiplet (7.1) and its counterpart in the dilaton Weyl multiplet (4.10).
As mentioned before, one of the main differences between these actions relies on the definition of
D which is an independent field in the standard multiplet but a composite field in the dilaton
Weyl multiplet. As a composite field in the dilaton Weyl multiplet, D contains a curvature term
(2.9). However, simply replacing D,Tab and χ
i by their composite expressions does not produce
an action solely based on the dilaton Weyl multiplet. The resulting action also depends on the
fields in the vector multiplet. We recall that neither two-derivative Poincare´ supergravity (4.8)
nor the Riemann squared action (4.5) has any dependence on the vector multiplet in the minimal
off-shell supersymmetric model. To obtain the Weyl squared actions solely constructed in terms of
the dilaton Weyl multiplet, the map (3.9) from the dilaton Weyl multiplet to the vector multiplet
is indispensable.
The Weyl squared action in (7.1) is invariant under the transformation rules given in (2.1) and
(2.11) with ηi and ΛKµ being replaced according to (6.3) and (6.4).
7.2 Supersymmetric Ricci Scalar Squared Action
To obtain the Ricci scalar squared invariant in the standard Weyl multiplet, we begin with the
composite expressions given in (A.2) after fixing the redundant symmetries,
ρ|L=1 = 2N,
Y ij |L=1 = 1√2δ
ij
(
− 38R−N2 − P 2 + 83T 2 + 4D − V
′kl
a V
′a
kl
)
+2P aV ′a
ij −
√
2∇aV ′am(iδj)m,
F ab|L=1 = 2
√
2∂[a
(
V b] +
√
2P b]
)
. (7.3)
From the above expressions, one sees that the Ricci scalar squared can come from YijY
ij term in
the vector action. By choosing CI11 = aI and all other possibilities to zero in (3.5), we obtain the
following Ricci scalar squared action
e−1LSR2 = aI
(
ρIY ijY
ij + 2ρY ijY Iij − 18ρIρ2R− 14ρIFµνFµν − 12ρFµνF Iµν
+12ρ
I∂µρ∂
µρ+ ρIρ2ρ− 4ρIρ2(D + 263 T 2) + 4ρ2F IµνTµν
+8ρIρFµνT
µν − 18µνρσλAµIF νρF σλ
)
. (7.4)
As we will extensively work on this action in the following section, here we postpone to plug in the
composite expressions given in (7.3). To study the solutions with vanishing auxiliary fields, we can
use a truncated version of above action as we shall see in the next section. Off-shell supersymmetry
allows us to combine the Ricci scalar squared action with the two-derivative Poincare´ supergravity
(6.5) and the Weyl squared action (7.1) to form a more general supergravity theory
LSR + LSC2 + LSR2 , (7.5)
where LSR is given in (6.5), LSC2 is given in (7.1) and LSR2 is given in (7.4).
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7.3 Ricci Scalar Squared Extended Gauged Model and Corrected Very Special
Geometry
In this section, we consider the off-shell Ricci scalar squared extended gauged model
LSR + LSR2 + gILIV L. (7.6)
We consider the maximal supersymmetric AdS5 solutions. The ansatz preserving SO(4, 2) symme-
try takes the form
Rµνρλ =
R
20(gµρgνλ − gµλgνρ), AIµ = 0, Tµν = 0, ρ = ρ¯, N = N¯ , D = D¯, (7.7)
where ρ¯, N¯ and D¯ are some constants. The maximal supersymmetry requires that
R = −409 N¯2, Y Iij = 13√2 ρ¯
IN¯δij , D¯ = 0. (7.8)
Employing ρI equation and N equation for the Lagrangian (7.6), we obtain
2N¯CIJK ρ¯
J ρ¯K + 3gI − 83aIN¯3 = 0, 2N¯ + 3gI ρ¯I = 0. (7.9)
These two equations imply
C¯ = 1 + 43aI ρ¯
IN¯2, (7.10)
which is consistent with D field equation, Y Iij equation and Einstein equation. Therefore, in
the presence of Ricci scalar squared term, AdS5 maintains to be the maximally supersymmetric
solution. However, in this case, the very special geometry is modified according to (7.10). Inserting
N = −32gI ρ¯I into (7.10), the quantum corrected very special geometry on the moduli space of AdS5
vacuum can be written as
C˜IJK ρ¯
I ρ¯J ρ¯k = 1, C˜IJK = CIJK + 3a(IgJgK). (7.11)
We emphasize that the inclusion of the Weyl squared action (7.1) also modifies the definition of
very special geometry, however the modification vanishes on the maximally supersymmetric AdS5
background (7.8).
8 Supersymmeric Solutions with AdS3 × S2 and AdS2 × S3 Near
Horizon Geometries
The strategy for finding regular solutions in higher derivative theory is to first write an ansatz
consistent with the assumed symmetries, and then demand unbroken supersymmetry. The super-
symmetric magnetic strings and electric black holes preserving one half of the supersymmetries
have been studied in [1, 2] for the case of n vector multiplets coupled to two-derivative Poincare´ su-
pergravity and in [30] for the higher derivative case where only the off-shell Weyl squared invariant
is taken into account. In the presence of Weyl squared, the magnetic strings and electric black holes
receive corrections. In the following, we consider the Ricci scalar squared extended two-derivative
theory (6.5, which is the simplest curvature squared extended model. Explicitly, in this section we
study the theory
L = LSR + LSR2 , (8.1)
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where LSR and LSR2 are given by (6.5) and (7.4) respectively. We are interested in solutions with
vanishing auxiliary fields. It can be checked that
Y Iij = N = Ea = Va = V
′ij
a = 0, (8.2)
is a consistent truncation of (8.1) leading to a simpler effective action describing the very special
geometry extended by Ricci scalar squared invariant
e−1L = 18(C + 3)R+ 13(104C − 8)T 2 + 4(C − 1)D + 34CIJKρIF JabF abK
+32CIJKρ
I∂µρ
J∂µρK − 12CIJKρIρJFKabT ab + 18abcdeCIJKAIaF JbcFKde
+aIρ
I
(
9
64R
2 − 3DR− 2RT 2 + 16D2 + 643 DT 2 + 649 (T 2)2
)
. (8.3)
The supersymmetry transformations for the fermionic fields take the following forms when the
auxiliary fields vanish
δψiµ =
(
∇µ − 4iγaTµa + 23 iγµγ · T
)
i,
δχi =
(
1
4D +
1
8 iγ
ab /∇Tab − 18 iγa∇bTab − 16γabcdTabTcd
)
i,
δλIi =
(
− 14γ · F̂ I − 12 i /∇ρI + 43ρIγ · T
)
i. (8.4)
8.1 Magnetic string solutions
The metric preserving the symmetry of a static string takes the form
ds2 = e2U1(r)(−dt2 + dx21) + e−4U2(r)dxidxi, dxidxi = dr2 + r2dΩ22, (8.5)
where i = 2, 3, 4. F Iab and Tab are chosen to be proportional to the volume form of S
2. A natural
choice for the veilbein is given by
eaˆ = eU1dxa, a = 0, 1, eiˆ = e−2U2dxi, i = 2, 3, 4. (8.6)
Accordingly, the non-vanishing components of the spin connections are
ωa
aˆˆi = eU1+2U2∂iU1, ωk
iˆjˆ = −2δik∂jU2 + 2δjk∂jU2. (8.7)
Similar to [30], the supersymmmetry parameter i is constant along the string and obeys the
projection condition which breaks half of the supersymmetries
γtˆ1ˆ = −. (8.8)
We first study the gravitino variation which fixes U1 = U2.
δψµ =
(
∇µ − 4iγaTµa + 23 iγµγ · T
)
. (8.9)
The covariant derivative is
∇a = ∂a + 12eU1+2U2∂iU1γaˆˆi,
∇i = ∂i + ∂jU2γjˆiˆ. (8.10)
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Along the string direction, we have[
1
2e
U1+2U2∂iU1γaˆˆi +
2
3 ie
U1γaˆˆijˆ , T
iˆjˆ
]
 = 0. (8.11)
We use the convention that γ0γ1γ2γ3γ4 = i01234 with 01234 = 1. Therefore (8.8) implies
γiˆjˆkˆ = i ˆijˆkˆ, γiˆjˆ = ˆijˆkˆγkˆ. (8.12)
where 234 = 1. Using the above conditions, it can be obtained that[
1
2e
U1+2U2∂kU1 − 23eU1T iˆjˆ ˆijˆkˆ
]
γaˆkˆ = 0. (8.13)
The auxiliary field Tab can be solved as
Tiˆjˆ =
3
8e
2U2 ˆijˆkˆ∂kU1. (8.14)
The gravitino variatoin along xi direction leads to[
∂k − i ˆijˆkˆ∂iU2γjˆ − 83 i γ iˆTkiˆ − 23 ˆijˆlˆ elˆkTiˆjˆ
]
 = 0. (8.15)
The “radial” part and “angular” part result in two conditions
0 =
[
∂k − 23 ˆijˆlˆelˆkTiˆjˆ
]
 ,
0 =
[
− ˆikˆjˆ∂iU2 + 83Tkjˆ
]
γjˆ. (8.16)
The second equation restricts
U1 = U2, (8.17)
then the first equation implies Killing spinor is
 = eU/20, (8.18)
where 0 is some constant spinor. In cylindrical coordinates, Tab can be expressed as
Tθφ =
3
8e
−2Ur2 sin θ∂rU, Tθˆφˆ =
3
8e
2U∂rU. (8.19)
The projection in cylindrical coordinates can be written as
γrˆθˆφˆ  = i . (8.20)
The gaugino variation δλIi on the magnetic background gives(
− 12γθˆφˆF I θˆφˆ − 12 iγ rˆerˆr∂rρI + 83ρIγθˆφˆT θˆφˆ
)
 = 0. (8.21)
Then
F I
θˆφˆ
= −e2U1∂rρI + 163 ρITθˆφˆ = −∂r(ρIe−2U )e4U . (8.22)
The supersymmetry variation of χi leads to(
1
4D +
1
8 iγ
ab /∇Tab − 18 iγa∇bTab − 16γabcdTabTcd
)
 = 0. (8.23)
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Explicit computation shows that auxiliary field D can be solved from the above equation as
D = 38e
6Ur−2∂r(e−3Ur2∂rU) = − 316e6U∇2e−2U . (8.24)
So far we have exhausted the constraints which can be derived from the variations of fermions.
In the following, we have to use the equations of motion. For the magnetic string configuration, the
equations of motion of gauge potential are automatically satisfied, however, the Bianchi identity
gives rise to
∂rF
I
θφ = −∂r
(
r2∂r(ρ
Ie−2U )
)
sin θ = 0. (8.25)
The solution to the above equation is given by [1]
ρIe−2U = HI = ρI∞ +
pI
2r
, F I =
pI
2
2, (8.26)
where ρI∞ is the value of ρI in the asymptotically flat region where U = 0.
The equation of D derived from action (8.3) is
C = 1 + aIρI
(
3
4R− 8D − 163 T 2
)
. (8.27)
After substituting Tab, D and R according to
Tθˆφˆ =
3
8e
2U∂rU, D = − 316e6U∇2e−2U , R =
2e4U
r
(4U ′ − 3rU ′2 + 2rU ′′), (8.28)
where “prime” means derivative with respect to r. We find that the higher derivative corrections
to the D equation of motion vanishes. Similarly, there are no higher derivative corrections to the
equations of motion of Tab, gµν and ρ
I . Therefore, the magnetic strings do not receive corrections
from the Ricci scalar squared invariant. This result seems to be compatible with the expectation
from string theory. From string theory point of view, the Ricci scalar squared invariant has no effects
on the on-shell quantities since it can just come from a field redefinition of the two derivative
action. This result also suggests that it is the supersymmetrization of curvature squared terms
which captures the correct feature of quantum corrections of N = 2 string vacua, because an
arbitrary combination of R2, D and Tab will modify the equations of motion in general.
8.2 Electric black holes
Finding electric black holes follow the procedure as [30]. Given the ansatz
ds2 = −e4U1(r)dt2 + e−2U2(r)dxidxi, dxidxi = dr2 + r2dΩ23. (8.29)
Supersymmetry requires that
U1 = U2, Tti =
3
8e
2U∂iU, A
I
t = −e2UρI , D = 316e2U (3r−1U ′ + U ′′ − 2r−2U
′2). (8.30)
In this case,
R =
2e2U
r
(3U ′ − 3rU ′2 + rU ′′). (8.31)
Again, it can be checked that the higher derivative corrections to the equations of motion vanish.
Therefore, the electric black holes are not modified by the inclusion of Ricci scalar invariant.
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9 Conclusions
In this paper, using superconformal tensor calculus, we have completed all off-shell curvature
squared invariants in D = 5, N = 2 supergravity based on the dilaton Weyl multiplet for both
the minimal and the vector multiplets coupled curvature squared invariants, namely the complete
minimal curvature squared invariants consist of
αLD
Riem2
+ βLD
C2+
1
6R
2
+ γLDR2 , (9.1)
and the complete vector multiplets coupled curvature squared invariants take the form
L′D
Riem2
+ L′D
C2+
1
6R
2
+ L′DR2 . (9.2)
Adopting the standard Weyl multiplet, we also constructed an off-shell Poincare´ supergravity by
using the linear and vector multiplets as compensators and a supersymmetric Ricci scalar squared
coupled to n vector multiplets. In the standard Weyl multiplet, the curvature squared extended
model is generalized to take the form
LSR + LSC2 + LSR2 . (9.3)
It is known that the gauged two-derivative Poincare´ supergravity possesses an maximally supersym-
metric AdS5 vacuum solution. When the Ricci scalar squared is included, the very special geometry
defined on the moduli space gets modified in a very simple way. Finally, we study the effects of Ricci
scalar squared to the supersymmetric magnetic string and electric black hole solutions which are
the 1/2 BPS solutions of the ungauged two-derivative theory. It is found that neither the magnetic
string nor the electric black hole solutions gets modified by the supersymmetric completion of the
Ricci scalar squared.
A comparison between the results in the dilaton Weyl multiplet and the standard Weyl multiplet
leads to a natural question that what is the analogue of supersymmetric Riemann squared in the
standard Weyl multiplet. At this moment, we do not know the exact answer. However, if such an
invariant exists, one should be able to recover the Riemann squared invariant based on the dilaton
Weyl multiplet from the Riemann squared invariant based on the standard Weyl multiplet by using
the map (3.9). This argument constrains the form of the supersymmetric Riemann squared in the
standard Weyl multiplet.
The modified very special geometry around the AdS5 vacuum by the Ricci scalar squared
invariant is very intriguing unlike the supersymmetric completion of the Weyl tensor squared which
does not affect the definition of very special geometry in the AdS5 vacuum. Interpretation of the
modified very special geometry from string/M theory and its application in the context of AdS/CFT
correspondence deserve future investigation. Finally, our procedure for the construction of Ricci
scalar squared invariant can be straightforwardly generalized to D = 6, N = (1, 0) supergravity
[31].
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A Composite Expressions for Linear and Vector Multiplets
The elements of linear multiplet can be written in terms of the elements of a vector multiplet and
a Weyl multiplet [17]
Lij = 2ρYij − 12 iλ¯iλj ,
ϕi = iρ/Dλi + 2ργ · Tλi − 8ρ2χi − 14γ · F̂ λi + 12 /Dρλi − Yijλj ,
Ea = Db
(
− ρF ab + 8ρ2T ab − 14 iλ¯γabλ
)
− 18abcdeFbcFde,
N = ρ2Cρ+ 12DaρDaρ− 14 F̂abF̂ ab + Y ijYij + 8F̂abT ab
−4ρ2
(
D + 263 T
2
)
− 12 λ¯ /Dλ+ iλ¯γ · Tλ+ 16iρχ¯λ. (A.1)
Using these composite expressions in the vector-linear action (3.1), one obtains the vector multiplet
action given in (3.5).
One can also construct the elements of vector multiplet in terms of the elements of a linear
multiplet and a Weyl multiplet [19, 23]
ρ = 2L−1N + iL−3ϕ¯iϕjLij ,
λi = −2i/DϕiL−1 + (16Lijχj + 4γ · Tϕi)L−1 − 2NLijϕjL−3
+2i(/DLijLjkϕk − /ELijϕj)L−3 + 2iϕjϕ¯iϕjL−3 − 6iϕjϕ¯kϕlLklLijL−5,
Yij = L
−12CLij −DaLk(iDaLj)mLkmL−3 −N2LijL−3 − EµEµLijL−3
+83L
−1T 2Lij + 4L−1DLij + 2EµLk(iDµLj)kL−3 − 12 iNL−3ϕ¯(iϕj)
−43L−5NLk(iLj)mϕ¯kϕm − 23L−3ϕ¯(i /Eϕj) − 13L−5Lk(iLj)mϕ¯k /Eϕm
−8iL−1χ¯(iϕj) + 16iL−3Lk(iLj)mχ¯kϕm + 2L−3Lk(iϕ¯k /Dϕj)
+2iL−3Lijϕ¯γ · Tϕ− 23L−3ϕ¯(i /DLj)kϕk − L−5LmnLk(iϕ¯m /DLj)kϕn
−16L−5Lkmϕ¯iγaϕjϕ¯kγaϕm + 112L−7LijLkmLpqϕ¯kγaϕmϕ¯pγaϕq,
F̂µν = 4D[µ(L−1Eν]) + 2L−1R̂µνij(V )Lij − 2L−3LlkD[µLkpDν]Llp
−2D[µ(L−3ϕ¯iγν]ϕjLij)− iL−1ϕ¯R̂µν(Q) . (A.2)
The composite expressions for the elements of vector multiplet can be used in the density formula
(3.1) to give rise to a linear multiplet action (3.3), or in vector multiplet actions (3.5), (3.10) to
obtain Ricci scalar squared invariants.
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B Comparison Between Different Notations
Hanaki et. al. Bergshoeff et. al
ηµν −ηµν
xµ x
µ or −xµ
∂µ ∂µ or −∂µ
γµ iγµ or −iγµ
γµ∂µ = /∂ iγ
µ∂µ = i/∂
Transformation Parameters
i 12
i
ηi −12ηi − 12γ · Ti
ξKµ −ΛKµ + ¯γµχ
Standard Weyl Multiplet
eµ
a eµ
a
ψiµ
1
2ψ
i
µ
φiµ −12φiµ − 12γ · Tψiµ
ωµ
ab ωµ
ab
bµ bµ
V ijµ −V ijµ
vab 4Tab
χi 32χi
D 16D + 1283 T
2
Vector Multiplet
Wµ Aµ
Ωi −12λi
M −ρ
Y ij −Y ij
Linear Multiplet
Lij Lij
ϕi ϕi
Ea −2Ea
N 2N
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